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© Radio transmitter capable of compensating for a frequency characteristic of an antenna and/or a 
coupling circuit 



© In a radio transmitter responsive to an input 
signal for transmitting an output signal through a 
coupling circuit and an antenna (13) with a radio 
channel assigned to the output signal, the power 
level of the output signal is kept constant with refer- 
ence to a frequency characteristic of the antenna 
(13) and/or the coupling circuit. The output signal is 
produced from an amplifier section (11,12) controlled 
by a power controller (1 8) controlled by a reference 



voltage from a reference voltage generator (27) con- 
trolled by a reference voltage controller (23). The 
reference voltage controller (23) produces a refer- 
ence voltage control signal which is based on the 
frequency characteristic and which is used for ad- 
justing the reference voltage. In addition, the refer- 
ence voltage control signal may be produced with 
reference to a temperature characteristic of a detec- 
tor (16) for detecting the output signal. 
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Background of the Invention: 

This invention relates to a radio transmitter for 
use in a mobile telephone system, a multichannel 
access (MCA) system, or the like to transmit an 
output signal in response to an input signal. 

A radio transmitter of the type described com- 
prises an amplifier section which will mainly be 
specified by a high frequency power amplifier 
which forms an output stage of the amplifier sec- 
tion and which is connected to an antenna, al- 
though an intermediate frequency amplifier and a 
low frequency amplifier are also included in the 
amplifier section. Specifically, the high frequency 
power amplifier may be considered as a combina- 
tion of a variable gain high frequency power am- 
plifier circuit and a high frequency power amplifier 
circuit. The variable gain high frequency amplifier 
circuit is supplied with an internal signal derived 
from an input signal to produce a gain controlled 
signal while the high frequency power amplifier 
circuit amplifies the gain controlled signal into the 
output signal. 

In such a radio transmitter, it is necessary to 
stably keep an output signal at a predetermined 
level. In other words, an output transmission power 
level should be preferably held substantially con- 
stant in the radio transmitter. To this end, an auto- 
matic level control (ALC) circuit is used in com- 
bination with the high frequency power amplifier. 

The automatic level control circuit comprises a 
detector supplied with the output signal to produce 
a detection signal, namely, a d. c. signal specifying 
a power level of the output signal. The detection 
signal is sent to a comparator and is compared in 
the comparator with a reference signal predeter- 
mined for the power level of the output signal to 
produce a control signal representative of a dif- 
ference between the detection signal and the refer- 
ence signal. The control signal is delivered to a 
power source control circuit which is connected to 
the variable gain high frequency power amplifier 
circuit and which is also connected to a power 
source. Supplied with the control signal, the power 
source control circuit controls the power source to 
supply controlled electric power to the variable gain 
high frequency power amplifier circuit and to there- 
by control a gain of the variable gain high fre- 
quency power amplifier circuit. As a result, the gain 
controlled signal is sent from the variable gain high 
frequency power amplifier circuit to the high fre- 
quency power amplifier circuit to be produced as 
the output signal. Thus, the output signal has an 
output level determined by the reference signal 
given to the comparator circuit. 

It is to be noted here that the detector is 
implemented by a semiconductor or a primary di- 
ode which has a temparature characteristic and 



that the antenna has a frequency characteristic like 
in a coupling circuit between the high frequency 
power amplifier and the antenna. Therefore, the 
detection signal is varied in its amplitude in depen- 

5 dency upon the temparature characteristic of the 
primary diode. In addition, the detection signal is 
also varied by the frequency characteristic of the 
antenna or the coupling circuit when frequencies 
are changed from one to another. Inasmuch as the 

70 level of the output signal is determined by the 
detection signal, as mentioned before, the output 
signal is varied in dependency upon the detecting 
signal even when the reference signal is kept con- 
stant. 

is Heretofore, it is known in the art to compensate 

for the temperature characteristic of the semicon- 
ductor or primary diode by the use of a subsidiary 
diode having the same temperature characteristic 
as the primary diode. 

20 However, no attempt has been tried to com- 

pensate for the frequency characteristic of the an- 
tenna or the coupling circuit except that the cou- 
pling circuit is subtly adjusted. 
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Summary of the Invention: 



It is an object of this invention to provide a 
radio transmitter which is capable of compensating 
30 not only for a temparature characteristic of a diode 
but also for a frequency characteristic of an an- 
tenna or a coupling circuit. 

It is another object of this invention to provide 
a radio transmitter of the type described, which is 

35 capable of stably keeping a level of an output 
signal even when the temperature and the fre- 
quency characteristics are present in the diode and 
the antenna or the coupling circuit 

A radio transmitter to which this invention is 

40 applicable is supplied with an input signal for trans- 
mitting an output signal having a level. According 
to this invention, the radio transmitter comprises an 
amplifier section responsive to an internal signal 
resulting from the input signal for producing the 

45 output signal, a reference voltage supplying circuit 
for supplying the amplifier section with a reference 
voltage signal having a reference voltage to control 
the level of the output signal, a temperature detec- 
tion circuit for detecting a temperature on a part of 

so the radio transmitter to produce a temperature sig- 
nal representative of the temperature, transmission 
frequency determining means for determining a 
transmission frequency for the input signal to pro- 
duce a frequency control signal indicative of the 

55 transmission frequency, reference voltage control 
means supplied with the frequency control signal 
and the temperature signal for controlling the refer- 
ence voltage signal based on the frequency control 
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signal and the temperature signal, and internal sig- 
nal supplying means connected to the amplifier 
section and responsive to both the frequency con- 
trol signal and the input signal for supplying the 
internal signal to the amplifier section. 



Brief Description of the Drawing: 

Rg. 1 is a block diagram of a conventional 
radio transmitter; 

Rg. 2 is a block diagram of a radio transmit- 
ter according to a preferred embodiment of this 
invention; 

Fig. 3 is a block diagram for use in describ- 
ing in detail a part of the radio transmitter illus- 
trated in Rg. 2; 

Rg. 4 is a graphical representation of a 
frequency characteristic of an antenna; and 

Rg. 5 is a graphical representation of a 
temperature characteristic of a detector. 

Description of the Preferred Embodiment: 

Referring to Rg. 1, a conventional radio trans- 
mitter comprises an amplifier section which is col- 
lectively depicted at 10 in Rg. 1 and which is 
specified by a variable gain high frequency am- 
plifier circuit 11 and a high frequency power am- 
plifier circuit 12. The variable gain high frequency 
amplifier circuit 1 1 is connected to a lower stage of 
amplifiers (not shown) and is supplied from the 
lower stage with an interna! signal INT resulting 
from an input signal, such as an audio signal. The 
variable gain high frequency amplifier circuit 11 
has a gain controllable in a manner to be described 
and produces a gain controlled signal. On the other 
hand, the high frequency power amplifier circuit 12 
comprises a plurality of power amplifier units con- 
nected in cascade to one another and amplifies the 
gain controlled signal into an output signal which 
has a high frequency and a level corresponding to 
transmission power. The output signal is sent 
through a coupling circuit to an antenna 13 and 
produced as a radio signal: 

In the example being illustrated, the amplifier 
section 10 is connected to an automatic level con- 
trol (ALC) circuit 15 which comprises a detector 16 
which is implemented by a semiconductor diode 
and which is supplied with the output signal from 
the high frequency power amplifier circuit 12. The 
detector 16 detects the output signal to produce a 
detection signal DT of a d. c. voltage correspond- 
ing to the transmission power of the output signal. 
The detection signal DT is sent to a comparator 17 
which is supplied with a reference signal RE of a d. 
c. voltage from a reference signal generator (not 
shown in this figure). The reference signal RE is 



determined for a desired transmission power of the 
output signal. The comparator 17 compares the 
detection signal DT with the reference signal RE to 
produce a control signal CO representative of a 

5 result of comparison between the detection signal 
DT and the reference signal RE. The control signal 
CO is supplied to a power controller 18 which is 
connected to an electric power source (not shown) 
and which is given a source voltage PS. The 

ro source voltage PS is controlled by the control 
signal CO. As a result, the variable gain high fre- 
quency amplifier circuit 11 is supplied with con- 
trolled electric power from the power controller 18 
to keep the transmission power of the output signal 

75 at desired transmission power. 

At any rate, the transmission power of the 
output signal is adjusted to the desired transmis- 
sion power by comparing the detection signal DT 
with the reference signal RE. 

20 However, no consideration Is made about com- 

pensating for a temperature characteristic of the 
detector 16 and a frequency characteristic of each 
of the coupling circuit and the antenna 13. Accord- 
ingly, the illustrated radio transmitter has disadvan- 

25 tages, as pointed out in the preamble of the instant 
specification. 

Referring to Figs. 2 and 3, a radio transmitter 
according to a preferred embodiment of this inven- 
tion comprises similar parts designated by like 

ao reference numerals and symbols. In the illustrated 
example, it is assumed that the radio transmitter is 
assigned with a plurality of radio channels which 
have different frequencies from one another and 
one of which is selected as a selected channel on 

35 transmission. 

In Fi^s. 2 and 3, an automatic level control 
circuit 1 5 serves to compensate for a temperature 
characteristic of a diode placed in the detector 16 
and a frequency characteristic of the coupling cir- 

40 cuit and the antenna 13. In order to compensate for 
the temperature characteristic of the diode, a tem- 
perature sensor 21 is located at a position adjacent 
to the detector 16. 

As shown in Rg. 3. the temperature sensor 21 

45 may be, for example, a thermistor 211 and may be 
attached to a housing of the amplifier section 10 or 
may be very close to the detector 16. At any rate, 
the temperature sensor 21 detects a temperature at 
the position and produces an electric signal related 

so to the temperature and which appears in the form 
of an analog signal. In other words, a variation of 
the temperature brings about a variation of resis- 
tance of the thermistor 211 and varies the analog 
signal. Thus, the analog signal is varied in depen- 

55 dency upon the temperature and is sent to a tem- 
perature detector 22 which is formed by a differen- 
tial amplifier 221 which has a positive input termi- 
nal connected to a bias circuit (not shown) and a 

3. 
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negative input terminal connected to the thermistor 
211 and a voltage source symbolized by Vcc, as 
shown in Fig. 3. Therefore, the thermistor 211 is 
connected to the differential amplifier 221 as a 
feedback resistor. 

Consequently, the temperature detector 22 
supplies a reference voltage controller 23 with an 
analog temperature signal TEM representative of 
the temperature sensed by the temperature sensor 
21. 

As illustrated in Fig. 2, the reference voltage 
controller 23 is connected to a transmission fre- 
quency controller 24 which is in turn connected to 
both a receiving section 25 and a transmission 
singal generating circuit 26. In addition, a reference 
voltage generator 27 is connected to and controlled 
by the reference voltage controller 23. 

Referring to Fig. 3 together with Fig. 2, the 
receiving section 25 comprises a receiver 251 op- 
erable in receiving a data signal as a reception 
data signal from another station that may be usu- 
ally a base station. The reception data signal re- 
ceived through the receiver 251 includes a channel 
indication signal indicative of a transmission chan- 
nel for the radio transmitter and is delivered to the 
transmission frequency controller 24 formed by a 
central processing unit (CPU) 241. 

In the transmission frequency controller 24, the 
central processing unit 241 processes the recep- 
tion data signal between the receiver 251 and the 
base station. In this event, the channel indication 
signal is processed by the central processing unit 
241 into a frequency division signal FD which is 
representative of a factor of frequency division 
preassigned to each of the channels. The factor 
may be referred to as a division factor. From this 
fact it is readily understood that the frequency 
division signal FD is made to correspond to a 
transmission frequency of each channel. Likewise, 
the central processing unit 241 also produces a 
transmission channel signal TC representative of 
each channel. Both the frequency division signal 
FD and the transmission channel signal TC may be 
collectively referred to as a frequency control sig- 
nal indicative of the transmission frequency. At any 
rate, the transmission frequency controller 24 is 
operable to determine the transmission frequency 
necessary tor transmitting the input signal IN. 

The frequency division signal FD and the trans- 
mission channel signal TC are sent to the transmis- 
sion signal generating circuit 26 and the reference 
voltage controller 23, respectively. 

In Fig. 3, the transmission signal generating 
circuit 26 is supplied with the input signal IN, such 
as an audio signal, in addition to the frequency 
division signal FD. as shown in Fig. 2. The trans- 
mission signal generating circuit 26 comprises a 
reference frequency oscillator 261 which oscillates 



a reference frequency signal having a reference 
frequency and a programmanble counter 262 sup- 
plied with the frequency division signal FD and with 
a transmission frequency signal which is produced 
5 in a manner to be described later. The program- 
mable counter 262 divides the transmission fre- 
quency into a frequency divided signal in accor- 
dance with the division factor represented by the 
frequency division signal FD. The frequency di- 
to vided signal is delivered to a phase detector (PD) 
263 together with the reference frequency signal. 
The phase detector 263 compares the frequency 
divided signal with the reference frequency signal 
to produce a difference signal representative of a 
75 phase or a frequency difference between the fre- 
quency divided signal and the reference frequency 
signal. The difference signal is usually given by a 
d. c. signal and is sent through a low pass filter 
(LPF) 264 to a voltage controlled oscillator (VCO) 
20 265 supplied with the input signal IN. As known in 
the art, the voltage controlled oscillator 265 varies 
an oscillation frequency in response to the dif- 
ference signal sent from the phase detector 263 
and obtains an oscillation frequency signal which 
25 has a frequency equal to a transmission frequency 
assigned to the selected channel. In the example 
being illustrated, such an oscillation frequency sig- 
nal is subjected by the input signal IN to frequency 
modulation in the voltage controlled oscillator 265 
30 and is transmitted to the variable gain high fre- 
quency amplifier circuit 11 (Fig. 2) as a controlled 
input signal on one hand and to the programmable 
counter 262 through a capacitor 266 as the trans- 
mission frequency signal, The controlled input sig- 
35 nal is delivered as the internal signal to the variable 
gain high frequency amplifier circuit 1 1 . This shows 
that the illustrated internal signal INT is frequency 
modulated and has the transmission frequency as- 
signed to the selected channel. 
40 Further referring to Figs. 3 and 2. the reference 

voltage controller 23 is operable in response to the 
analog temperature signal TEM and the transmis- 
sion channel signal TC representative of the se- 
lected channel. More specifically, the analog tem- 
45 perature signal TEM is given to an analog-to-digital 
converter 231 and is converted into a digital tem- 
perature signal by the analog-to-digital converter 
231 . The digital temperature signal is supplied to a 
subsidiary central processing unit (abbreviated to 
so SUBCPU) 232 along with the transmission channel 
signal TC. The SUBCPU 232 serves to compensate 
for the temperature characteristic of the detector 16 
and the frequency characteristic of the antenna 13 
and the coupling circuit. 
55 Temporarily referring to Fig. 4, wherein an ab- 

scissa and an ordinate represent a frequency and a 
gain, respectively, it is assumed that the antenna 
13 illustrated in Fig. 2 has a frequency characteris- 
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tic, as specified by a curve 31, and that the an- 
tenna 13 is used within an available frequency 
band specified by an upper limit frequency and a 
lower limit frequency. The illustrated frequency 
chracteristic exhibits gains A dB and B dB at the 
lower and the upper frequency limits, respectively, 
as readily understood from the curve 31. Therefore, 
a gain difference (A - B) dB appears when the 
antenna 13 is driven at the lower and the upper 
frequency limits, unless the frequency characteris- 
tic is not compensated. 

Further referring to Fig. 5, wherein an abscissa 
and an ordinate represent a temperature and a 
variation of the output signal level, respectively, it 
is also assumed that the detector 16 has a fre- 
quency characteristic which is specified by a curve 
32 and that the detector 16 has an acceptable 
temperature range within a first temperature T1 and 
a second temperature T2 lower than the first tem- 
perature T1. In the example being illustrated, the 
detector 16 has the output signal levels C dB and 
D dB at the first and the second temperatures T1 
and T2 and a level difference (C - D) dB. 

From Figs. 4 and 5, it is apparent that a maxi- 
mum level and a minimum level of the output 
signal can be equivalents represented by (A + C) 
dB and (B + D) dB, respectively. Practically, the 
maximum and the minimum levels should be re- 
stricted to a range between + 2 dB and - 4 dB in 
the radio transmitter for the mobile telephone sys- 
tem, where 0 dB is representative of a reference 
level. 

Referring back to Fig. 3, the SUBCPU 232 is 
loaded with a first set of compensation signals 
which compensate for variations of gains of the 
detector 16 resulting from the temperature char- 
acteristic as illustrated in Rg. 5 and with a second 
set of compensation signals which compensate for 
the gain difference resulting from variations of the 
frequency characteristics of the antenna 13. The 
first set of the compensation signals are memo- 
rized at each temperature indicated by the digital 
temperature signal in an internal memory of the 
SUBCPU 232 while the second sets of compensa- 
tion signals are held in the internal memory at 
every channel. 

Supplied with the digital temperature signal 
and the transmission channel signal TC, the SUB- 
CPU 232 read a selected one of the compensation 
signals of the first set and a selected one of the 
compensation signals of the second set from the 
internal memory. Both the selected ones of the 
compensation signals are processed in an internal 
proccessor of the SUBCPU 232. The internal pro- 
cessor calculates, from the selected ones of the 
compensation signals, a reference voltage control 
signal RC indicative of a reference voltage which is 
necessary for keeping the output signal constant. 



The reference voltage control signal RC is sent to 
the reference voltage generator 27 to control a 
reference voltage RE. Thus, the reference voltage 
controller 23 serves to control the reference voltage 

5 signal RE based on the transmission channel signal 
TC and the analog temperature signal TEM. 

The reference voltage generator 27 comprises 
a digital-to-analog (D/A) converter 271 and supplies 
the comparator 17 (Rg. 2) with the reference volt- 

io age RE indicated by the reference voltage control 
signal RC. 

Thus, the reference voltage signal RE is deter- 
mined by the reference voltage control signal RC 
dependent on the analog temperature signal TEM 

75 and the transmission channel signal TC. Accord- 
ingly, the temperature characteristic detected at a 
position adjacent to the detector 16 and the fre- 
quency characteristic of the antenna 13 can be 
preferably compensated by producing the com: 

20 pensation signals in consideration of the tempera- 
ture and the frequency characteristics from the 
reference voltage controller 23. 

While this invention has thus far been de- 
scribed in conjunction with a preferred embodiment 

25 thereof, it will readily be possible for those skilled 
in the art to put this invention into practice in 
various other manners. For example, only the fre- 
quency characteristic of the antenna and/or the 
coupling circuit may be compensated without com- 

30 pensation of the temperature characteristic of the 
detector. 



Claims 

35 

1. A radio transmitter supplied with an input 
signal for transmitting an output signal having a 
level, comprising: 

an amplifier section responsive to an internal signal 
40 resulting from said input signal for producing said 
output signal; 

a reference voltage supplying circuit for supplying 
said amplifier section with a reference voltage sig- 
nal having a reference voltage to control the level 
45 of said output signal; 

a temperature detection circuit for detecting a tem- 
perature on a part of said radio transmitter to 
produce a temperature signal representative of said 
temperature; 

50 transmission frequency determining means for de- 
termining a transmission frequency for said input 
signal to produce a frequency control signal indica- 
tive of said transmission frequency; 
reference voltage control means supplied with said 

55 - frequency control signal and said temperature sig- 
nal for controlling said reference voltage signal 
based on said frequency control signal and said 
temperature signal; and 
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internal signal supplying means connected to said 
amplifier section and responsive to both said fre- 
quency control signal and said input signal for 
supplying said internal signal to said amplifier sec- 
tion. 

2. A radio transmitter as claimed in Claim 1, 
said output signal being transmitted through a se- 
lected one of radio channels that has a frequency 
different from one another and that is determined 
as said transmission frequency by said transmis- 
sion frequency determining means, wherein said 
internal signal supplying means is supplied with 
said frequency control signal indicative of the trans- 
mission frequency assigned to said selected one of 
the radio channels and comprises: 

a reference frequency oscillator for oscillating a 
reference frequency signal having a reference fre- 
quency; 

a programmable counter supplied with said fre- 
quency control signal and said internal signal for 
frequency dividing said internal signal into a local 
frequency divided signal in response to said fre- 
quency control signal; 

phase detecting means supplied with said refer- 
ence frequency signal and said local frequency 
divided signal for detecting a phase difference be- 
tween said reference frequency signal and said 
local frequency divided signal to produce a phase 
difference signal indicative of said phase differ- 
ence; 

voltage controlled oscillator means supplied with 
said input signal and said phase difference signal 
for producing a controlled input signal by said 
phase difference signal; and 
means for producing said controlled input signal as 
said internal signal. 

3. A radio transmitter as claimed in Claim 1, 
said temperature signal being produced as an ana- 
log temperature signal, wherein said reference volt- 
age control means comprises: 

an analog to digital converter for converting said 
analog temperature signal into a digital temperature 
signal; 

reference voltage signal producing means supplied 
with said frequency control signal and said digital 
temperature signal for producing a reference volt- 
age control signal which controls said reference 
voltage signal; and 

means for supplying said reference voltage control 
signal to said reference voltage supplying circuit to 
control said reference voltage signal. 

4. A radio transmitter supplied with an input 
signal for transmitting an output signal having a 
level, comprising: 

an amplifier section responsive to an internal signal 
resulting from said input signal for producing said 
output signal; 

a reference voltage supplying circuit for supplying 
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said amplifier section with a reference voltage sig- 
nal having a reference voltage to control the level 
of said output signal; 

transmission frequency determining means for de- 
5 termining a transmission frequency for said input 
signal to produce a frequency control signal indica- 
tive of said transmission frequency; 
reference voltage control means supplied with said 
frequency control signal for controlling said refer- 
70 ence voltage signal based on said frequency con- 
trol signal; and 

internal signal supplying means connected to said 
amplifier section and responsive to both said fre- 
quency control signal and said input signal for 
75 supplying said internal signal to said amplifier sec- 
tion. 
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© Radio transmitter capable of compensating for a frequency characteristic of an antenna and/or a 
coupling circuit 



© In a radio transmitter responsive to an input 
signal for transmitting an output signal through a 
coupling circuit and an antenna (13) with a radio 
channel assigned to the output signal, the power 
level of the output signal is kept constant with refer- 
ence to a frequency characteristic of the antenna 
(13) and/or the coupling circuit The output signal is 
produced from an amplifier section (11,12) controlled 
by a power controller (18) controlled by a reference 
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voltage from a reference voltage generator (27) con- 
trolled by a reference voltage controller (23). The 
reference voltage controller (23) produces a refer- 
ence voltage control signal which is based on the 
frequency characteristic and which is used for ad- 
justing the reference voltage. In addition, the refer- 
ence voltage control signal may be produced with 
reference to a temperature characteristic of a detec- 
tor (16) for detecting the output signal. 
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